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APOLLC 17 LM/ALSEP
MASS PEAK SUMMARY DATA ON TAPE

72-096C-08A

This data set has been restored. There were originally two
9-track, 1600 BPI tapes written in Binary. There is one restored tape.
The DR tape is a 3480 cartridge and the DS tape is 9-track, 6250 BPI.
The original tapes were created on an IBM 360 computer and the restored
tapes were created on an IBM 9021 computer. The DR and DS numbers

along with the corresponding D numbers are as follows:

DR# DS# D# FILES TIME SPAN
DRO05638 DS005638 D023425 1 05/22/73 - 09/01/73
D023426 2 05/22/73 - 09/02/73




REQ. AGENT RAND NO, ACQ. AGENT

CMP RC5527 RNH

APOLLO 17
LACE MASS PEAK SUMMARY DATA

72~-096C-08A

This data set contains 2 tapes. The tapes are 1600 BPI,
binary, 9 track with one file of data. The time spans and 'C’
numbers for each tape are listed below.

D# C# TIME SPAN
D-23425 C-17551 05/24/73 - 09/03/73
D-23426 C-17552 05/24/73 - 09/03/73
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LUNAR ATMOSPHERIC COMPROSITION EXPERIMENT

DESCRIPTION OF EXPERIMENT AND INSTRUMENT CHARACTERISTICS

Apollo 17 carried 2 miniature mass spectrometer, called the Lunar
Atmospheric Composition Experiment (LACE)}, to the moon as part of the
Apollo Lunar Surface Experiments Package (ALSEP) to study the composition
and variations in the lﬁnar atmosphere. The inmstrument was successfully
deployed in the Taurus-Littrow Valley with its entrance aperture oriented
upward to intercept and measure the downward flux of gases at the lunar
surface.

1dentification of gas molecules in the lunar atmosphere by species
and determination of concentratilons is accomplished by a miniature magnetic-
deflection mass spectrometer. Gas molecules entering the instrument aperture
are ionized by an electron Eombardment ion source, collimated into a beam
and seat through a magnetic analyzer to the detector systeﬁ.

The ion source contains two tungsten (with 1% rhenium) filaments,
selectable by command, as electron emittefs. In the normal mode of operation,
called the fixed mode, the elect:on bombardment energy ig fixed at 70 electrom
volts. This produces a semsitivity to nitrogen of 5 x 10-5 amp/torr, sufficient
to measure concentrations of gas species in the 10-1§ torr range. An alternate
mode, the cyclic mode, provides four different electron energies, 70, 27, 20,
and 18 eV, which are cycled by successive sweeps of the mass spectrud.
Tdentification of gases in a complex mass spectrum is greatly aided when the
spectra are taken at gseveral different electrom ionization energies because
cracking patterns of complex molecules are a strong function of the bombard=-

ment electron energy.




Voltage scan of the mass spectrum is employed utilizing & high
voltage stepping power supply. The ion-accelerating voltage (sweep voltage;
is varied in a stepwise manner throuéh 1330 steps from 320 to 1420 volts
with a dwell time of 0.6 ;ec per step. Each step is synchronlzed to a
main frame of the telemetry format. Therefore, the telemetry word position
serves as the identifier of atomic mass number. Ten steps of background
counts (zero sweep voltage) and ten steps of an internal calibration fre-
quency, are inserted between sweeps, making a total of 1350 steps per spectrum,.
Sweep time is 13.5 minutes, Becauge tha instrument has three collector
assemblies adjustedlto collect ion beams, having passed through the magnetic
analyzer, in the ratio 1:12:27.4, three mass ranges are scanned simultan-
eously, viz, 1 to &4, 12 to 48 and 27.4 to 110 amu.

In an alternate mode, the sweep voltage may be commanded to lock onto
any of the 1350 steps enabling the instrument to éontinuously monitor any
given mass number peak in the spectrum with a time resoluticn of 0.6 sec per
sample. A one step advance command is also available, The lock mode permits
high time resolution monitoring of mass peaks that may be suspected to be
of volcanic origin.

Resclution of the analyzer is set at about 100 for the high mass
.channel at mass 82, This is defined as less than a 1% valley between peaks
of equal amplitude at mass 82 and 83. Krypton is used to verify the
resolution.

Standard ion counting techniques employing eiectron multipliers, pulse
amplifiers, discriminators and counters are used, one system for each mass
Tange. The number of counts accumulated per voltage step (0.6 sec) for
each channel is stored in 21-bit accumulators until sampled by the telemetry

system, Just prior to interrogation, the 21-bit word is converted to a



floating peint number in base 2, reducing the data to a 10-bit word,
consisting of a 6-bit number and a 4-bit multiplier. This scheme maintains
7-bit accuracy (1%) throughbut the Zi;bit (i‘x 106)-range of data counts.

Houéakeeping circuits monitor 15 functioﬁs within fha inétrument
(supply voltages, filament current, emission current, sweep voltage -and
several temperatures). One temperature sensor monitors the ion source temper-
ature whose value 1s used in data reduction. Housekeeping words are Qub-
commutated, one each 90 main—framés feqﬁiring a‘fullléﬁectrai séan time to
read.each-ﬁonitor once., ) | | N

Calibration of the instrument was performed at the NASA Langley Research
Center (LRC) molecular beam facility. A molecular beam apparatus produces
a beam of known flux in a liquid helium cryochamber. The instrument entrance
aperture intercepts the b;am at one end of the chamber. With known beam
flux and ion source temperature, instrument calibration coefficients are
determined. Variation of gas pressure in the molecular beam source chamber
behind a porous silicate glass plug varies the beam f£lux and provides a test
of the linearity of the instrument respomse. Good linearity was achieved up
to 5 x 105 counts/sec where tha onset of counter saturation occurs.

Calibrations we?e done with a number of gases that may be candidates for
amblent lunar gases, e.g. Ar, C02, c0, Kr, Ne, Nz, and H2. Helium cali-
brations are not possible with this system because no helium beam can be
formed in the chamber since helium is not cryopumped at the wall temperature.
Sensitivity to helium was determined in the UT-Dallas ultrahigh vacuum
chamber by using the LRC absolute argon calibration of the instrument as a
standard for calibrating an ionization preésure gage. The gage calilbration
for helium was subsequently inferred from the ratio of ionization cross
sections for He and Ar, The resulting helium gensitivity is the ratic of

the calibrated gage prassure to the helium counting rate.
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LUNAR ATMOSPHERIC COMPOSITION EXPERIMENT

DATA HISTORY - OPERATIONAL HISTORY

The LACE instrument initial turn-on occurred on December 27, 1972
at 1807 GMT and continued throughout the first lunar night. Operation
has been continuous during each lunar nighttime from shortly after sunset
to approximately sunrise. During the April and September 1973 sunrise
periods operation continued 4 or 5 hours into the daytime to track the .
behavior of argon. Daytime operation has been severely curtailed because
of the higﬁ outgassing rates encountered as the site warms which produces
a large artifact background that covers most of the ambient gas‘levels
except helium. This relatively high background gas concentration would
likely degrade the instrument ion source sensitivity if operated for long
periods (hours) in this environment. Likewise, extended daytime operation
is not possible because of a tendency for the electronics package to exceed
the maximum allowable operating temperature, Three b}ief daytime operation
periods, one in January, one in February and one in May, have given information
on the daytime gas concentrations at the site, Table 1 gives a Iisting of
the times the instrument has been operated during its first nine months
on the lunar surface.

In general, the instrument has operated well. All housekeeping data
has remained within bounds. A fortuitous occurance, the slow evaporation
of the tungsten filament which produces doubly changed tungsten peaks in

the mass 91-93 range of the spectrum, has provided a constant check on

the instrument semsitivity, which has remained very stable with time.



A varlable background counting rate that appears at times on all
three data channels has interferred with a smooth data reduction
operation. The origin of these counts, which seems to vary with time in
a not too predictable manner, is uncertain, It appears not to be a
simple electronic noise coupling into the data counting system, but
rather somehow related to the characteristics of the ion source. At
times these background counts mask some of the smaller peaks at the low
mass end of each channel. The high mass channel is raelatively free from
this interference, it being the ﬁost prevalent on the low mass output.

DPata from the Apollo 17 Lunar Atmospheric Composition Experiment
(LACE) was collected from January 1, 1973, thru nine lunations. The
data from these lunations was reduced and summarized on to two magnetic
tapes and 9 reels of microfilm, one reel per lunationm.

The magnetic tapes were written in IBM 360 standard laﬁel format.
The record format is variable block size. A logical record is 324 bytes
and the blocksize is 3224 bytes. i.e. DCB = (RECFM = VBS, LRECL = 324,
BLKSIZE = 3224) Tape No. 1 contains the summarized data from lunation 1
thru lunation 5. Tape No. 2 contains lunation 6 thru 9.

Each record gives a summary of the data obtained from one mass
spectrum, formatted in 80 binary words of 4 bytes each,

The word assignments for the 80 word record is listed in the attached
Table 1 along with a description of each word.

The mig¢rofilm is ; printed record of the data on the summary tapes.
A typical printout of the microfilm is also attached. The numbers inside
the bubbles indicate the word assignment at the 80 word record on the

magnetic tapes.
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WORD FORMAT DATA - EXPLANATION
1 I Day Time of Start of Spectrum
2 I Hour gg:ylj gggggresponds to
3 I Minute '
4 1 Sec
3 1 mSec
6 ‘R*4 Normal elevation Solar ephemeris data for the
7 R#%4 Solar Azimuth Apollo 17 site
8 R*4 Solar Zenith
9 R%4 Temperature coef. YT (ion source)/T(moon)
10 I Spectrum quality flag cf. note a.
11 I Spectrum sync flag cf. note b.
12 I Housekeeping sync flag (AMOL) Housekeeping data in ALSEP
13 I - Instrument current (AMO2) pcn format (O'f.255 counts),
14 I Ion pump current (AMO3)
15~ I " Ion pump voltage (AMO4)
16 1 Base plate temp (AMO5)
17 I Ton source temp. (AMO6)
18 L +12 VDC (AMO7)
19 I +5VDC (AMOB)
20 I ~12VDC (AMO9)
21 I -15VDC (AM10)
22 I Emission current (AML1)
23 1 Fil. 1 current (AM12)
24 I Fil. 2 current (AM13)
25 I Multiplier voltage (AM14)
26 I Electronics temp. (AMLS)
27 - -—
28 i Vi Ion accelerator voltage
29 1 V2 data (0-255 pem counts)
30 I V3 from ALSEP telemetry word AM44.
31 I V4 There is one ﬁéasurement per
32 I V5 each 90 frame telenetry. format,
33 I V6 resulting in 15 measurements
34 i v7 : -

per mass spectrum.
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FORMAT

WORD DATA EXPLANATION
35 I v8
36 I V9
37 I V10
38 I Vil
39 I V12 '
40 I Vi3
41 I Vi4
42 . VlSv (V16 = V1 of next spectrum)
43 I V16 - |
44 R*4 4 AMU Selected peak amplitudes determined
45 R#*4 Background at 28 AMU by cross correlation of data with
46 R¥*4 28 AMU emperical peak shapes. Words 49
47 R*4 32 AMU and 52 correspond to anomalous
48 R¥*4 35 AU chlorine peaks Which are shifted
49 R*4 35s AMU about -4 volts in energy from the
50 R*4 36 AMU " normal chlorine peaks.
51 R*4 37 AMU
52 R¥4 37s AMU.
53 R4 38 AMU
54 R¥%4 40 AMU
55 R%4 44 AMU
56 - _—
47 — ——
48 R*4 92 AMU
59 — -
60 R&4 Helium Gas concentrations (Words 61
61 R*4 36AI (equivalent) and 62 have not been corrected
62 R¥4 38AI (equivalent) for HCL contamination)
63 R%4 4OA:
64 - — Y
65 -— —
66 R*4 Lunar surface temp (°k) Theroetical model
67 R¥*4 Ion source temp (°C) Engineering data
68 R*4 Base plate temp (°C) '
69 R*4 Ele| Electronics temp (°c) ‘,
70 R*4 Radiator plate temp (°C)

_ 1=



TABLE 1 (C  I.)

ORD FORMAT DATA ‘ EXPLANATION
71 R*4 A Peak location = A  + A, /mass
72 R¥*4 Ay '
73 I STATUS (start of spectrum) cf. note c.
74 I STATUS (end of spectrum)
75 I No. of commands during spectrum
76 I Tracking station ID
77 I SYNC/STATUS FLAG ' cf. note d.
78 I Lunation number
79 R4 Location of 28 AMU peak
80 - - '
'NOTES
a. Spectrum duality flag (word 10) gives the result of an attempt to locate the 28 AMU
and 44 AMU peaks in the mid-mass channel spectrum.
0 = bad data _ |
28 = only the 28 AMU peak was found
44 = only the 44 AMU peak was found
2844 = normal spectrum with both 28 AMU and 44 AMU peaks found
b. Spectrum sync flag (word 11) gives the condition of the spectruﬁ synchronization
code at the start and end of the spectrum.
0 = normal
1l = sync at start only
2 = sync at end only
7 = no sync codes
¢. Status (words 73 and 74) is a combination of 8 binary encoded flags, each weighted

by an appropriate power of 10, so that it prints as a binary format in base 10.

DIGIT (power

of 10)

0
1

w P U‘N

USE
Filiament (0 = off, 1 = on)

Accelerator voltage (0 = off,
1 = on)

Backup heater (0 = off, 1 - on)

Ton pump (0 = off, 1 = on)

Lock/auto flag (0 = lock, 1 = auto)

Discriminator level (0 =low, 1 =-high)}
8



TABLE 1 (CONT.)

DIGIT (power of 10 - -~ -~~~ - - ysg' - -

6
7

Multiplier voltage (0 = low, 1 = high)}
Filiament ID (1 = £il1l 1, 2 = £11 2)

Normal operating status = 11110011

d. Sync/status flag (word 77) gives the severity of nonstandard operating condition.

1l =

2
3

Pl

normal
spectrum quality flag (word 10) # 2844

status at start (word 73) # 11110011, or spectrum sync flag (word 11)>2,
or filiament off at end of spectrum. °

status at start (word 73) = 21110011
status at start (word 73) = 11010011
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